ABSTRACT. The Chilean inland water crustaceans are characterized by a combination of endemic and cosmopolitan species: some occur throughout the territory of continental Chile, while others are restricted to specific latitudinal regions. This study examined the zoogeographical patterns exhibited by Chilean inland water crustaceans. We considered six regions: Northern Chile (18º-27°S), North-Central Chile (27º-30°S), Central Chile (30º-38°S), Northern Patagonia (38°-41°S), Central Patagonia (41º-51°S), and Southern Patagonia (51º-55°S), and these were identified based on literature records of inland water crustaceans. The classification analysis generated dendrograms for the following groups considered in this categories: all inland water crustaceans (Branchiopoda, Copepoda and Malacostraca), the zooplanktonic crustaceans (Branchiopoda and Copepoda), the Malacostraca alone, and each group separately. Analysis of total data and of the zooplankton group taxa alone revealed the existence of a main grouping consisting of the three Patagonian zones plus Central Chile, that is distinct from that of Northern Chile and North-Central Chile. Similarly, analysis of the malacostracan data revealed the existence of two main groups, one comprising the three Patagonian zones plus Central Chile, contrasted with a second group of Northern and North-Central Chile combined. Our results are in agreement with other panbiogeographical studies of South American crustaceans and insects. Possible factors responsible for generating this pattern are the dispersal and colonization potential of zooplanktonic crustaceans and the marked endemism of the malacostracans.
con un segundo grupo conformado por la zona norte y norte-central. Estos resultados concuerdan con estudios panbiogeográficos de crustáceos e insectos sudamericanos. Como posibles factores responsables podrían ser la dispersión y potencial colonización de crustáceos zooplanctónicos y el marcado endemismo de los malacostracos.
INTRODUCTION
Chilean inland water crustaceans are characterized by their marked endemism at different spatial scales: there are widespread species, distributed along Chilean continental territory, and there are other species restricted to narrow geographical ranges (Jara et al., 2006; Villalobos, 2006; De los Ríos-Escalante, 2010) . Species exhibiting such marked endemism are at risk of extinction, due to habitat fragmentation or habitat alteration, as has been reported for decapods by Jara et al. (2006) .
The geographical patterns of Chilean inland water crustaceans might reflect habitat heterogeneity. Thus De los Ríos-Escalante (2010), based on Niemeyer & Cereceda (1984) who used climatic, topographic and hydrological characteristics, proposed the following four regions in according to a zoogeographical review of inland water Branchiopods and Copepods: Northern Chile (18º-27ºS); Central Chile (27º-37ºS), Northern and Central Patagonia (37º-51ºS) and Southern Patagonia (51º-55ºS). For both branchiopods and copepods species were found that were restricted to a specific geographical range, as well as more widespread species (De los Ríos-Escalante, 2010) .
The aim of the present study is to undertake a zoogeographical analysis of Chilean inland water crustaceans (Branchiopoda, Copepoda and Malacostraca) in continental Chilean territory in order to characterise their distribution patterns.
MATERIALS AND METHODS
Data on inland water crustaceans were obtained from literature records (Araya & Zúñiga, 1985; Bayly, 1992; González, 2003; De los Ríos-Escalante, 2010; De los Ríos-Escalante et al., 2012; Jara, in press; Morales & Meruane in press; Rudolph, in press) , and these were collated into a presence-absence matrix (Table 1, Fig. 1) , with respect to the following six geographical zones: 1) Northern Chile: 18º-27ºS, 2) North-Central Chile: 27º-30ºS, Central Chile: 30º-38ºS, Northern Patagonia: 38º-41ºS; Central Patagonia: 41º-51ºS, and Southern Patagonia: 51º-55ºS. These data were explored by cluster analysis (Bray-Curtis with single link), using the Biodiversity Pro software package (McAlleece et al., 1997) . Data were analyzed considering the following categories: 1) All crustacean species, 2) Branchiopoda and Copepoda species, and 3) Malacostracan species.
In a second analytical step, an external area zero was added to the species presence-absence matrix to codify for rooting the cladogram (Rosen & Smith, 1998; Morrone, 2004; Fuentealba et al., 2010) . The most parsimonious cladograms were found by heuristic search with 1000 replicates; replicates of 100 initial trees were used with an output of up to 10000 trees were calculated using reiterative bisection and multiple reconnection (multiple TBR + TBR). The strict consensus tree was calculated from heuristic search. Node support was evaluated by bootstrap analysis (Felsenstein, 1985) . Bootstrap support values were estimated (with 1000 replicates) for selected branches as endemism areas, using the Nona program (Goloboff, 1998) within Winclada (Nixon, 2002) . It was applied to one analysis for understanding endemicity patterns and similarities between studied areas.
RESULTS
Cluster analysis revealed for all crustacean species and for Branchiopoda and Copepoda, the existence of a main grouping comprising the three Patagonian zones plus Central Chile, that is separate from Northern and North-Central Chile (Figs. 2 and 3). Similarly, for malacostracan species, the analysis revealed the existence of two main groupings, one consisting of the three Patagonian zones plus Central Chile, and the other comprising Northern and North-Central Chile (Fig. 4) . Analysis of the decapods identifies an isolated main group comprising Northern and NorthCentral Chile, which are very similar, and a second major grouping of Central Chile with Northern and Central Patagonia (Fig. 5) .
The analysis of amphipods revealed one main group, comprising Central Chile with Northern and Table 1 . List of inland water crustacean species reported for continental Chilean territory (0: absence, 1: presence). Central Patagonia, and this is relatively similar to Southern Patagonia. This grouping is separated from both of the two northern regions of Chile (Fig. 6 ). For cladocerans, there was a main grouping of Central Chile with Northern and Central Patagonia, and in decreasing order of similarity, Southern Patagonia, and Northern and North-Central Chile (Fig. 7) . Finally, for copepods we found two main groupings (Central Chile-Northern Patagonia and CentralSouthern Patagonia), that is distinct from the closely similar Northern and North-Central Chile (Fig. 8) .
The parsimony endemicity analysis generated an exclusive cladogram with 111 steps, a consistency index of 0.84, and a retention index of 0.58. The bootstrap values obtained varied between 0.55 and 0.98 for different areas of endemism (Fig. 9) . The cladogram depicts two main endemism areas represented by Central and Southern Patagonia and by Northern, North-Central and Central Chile and Northern Patagonia (Fig. 9) .
DISCUSSION
The results for all crustacean species and for the grouping of Branchiopoda and Copepoda showed a gradual difference between Patagonian species and species located in northern regions, and are in agreement with the panbiogeographical analysis for centropagid copepods of Menu-Marque et al. (2000) , who found widespread species in combination with and of inland water decapods (Morrone & Lopretto, 1994) . A similar zoogeographical pattern was observed in the genus Aegla (Perez-Lozada et al., 2002, 2004, 2009) . This difference may be explained in part by the presence in Patagonia, of Southern South American and Subantarctic species (Pugh et al., 2002; Dos Santos et al., 2008 ). An important factor here is that Southern Patagonia has a few subtropical species combined with Subantarctic species (Pugh et al., 2002; Dos Santos et al., 2008) , whereas Northern Chile exemplifies a different faunal region (Menu-Marque et al., 2000; Morrone, 2006; De los Ríos-Escalante et al., 2012) . In addition, in Chile, the Andes mountains represent a barrier that limits or prevents species dispersal between the two sides of the mountains and explains the marked differences in species reported from zones including Andean mountains (Morrone, 2006) , compared to Southern Patagonia, where the mountains have practically disappeared and where it is possible to find many common species (Menu-Marque et al., 2000) . Following this scenario, may help to explain the marked differences in species reported in western and eastern South America (Soto & Zúñiga, 1991; Morrone & Lopretto, 1994; Menu-Marque et al., 2000; Oyanedel et al., 2008) .
